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INTRODUCTION 
herrqal alteration i n  d r i l l  cut t ings from er  d r i l l h o l e  
14-2, Roosevel t Hot Springs Thermal area, has been studied petrographically. 
The hole i s  s i t ed  i n  al luvium approximately 1.6 km southeast of the o l d  
Resort and was ro ta ry  d r i l l e d  t o  a depth o f  1866.0 m, The exact hole 
loca t ion  i s  2310 FNL, 350 FWL, Sec. 2, Twp 27S, Rge 9c51, e levat ion 1908.5 m. 
Core was extracted from 792.5 t o  795.5 m. Thin sections were made from 
I 
samples a t  15.2 m i n te rva l s  o f  d r i l l  cut t ings co l lected a t  1.5 o r  3.0 m 
i n te rva l s  during d r i l l i n g .  Thin sections were made o f  1.5 o r  3.0 m i n te rva l s  
from 274.3 t o  304.8 m, 487.9 t o  581.2 m, and 868.7 t o  899.2 m. These 
in te rva l s  were chosen f o r  close spaced sampling on the basis o f  increases 
i n  temperature, porosity, conduct iv i ty  and acoustic ve loc i t y  shown i n  geo- 
physical logs. A t o t a l  o f  153 f cut t ings were m 
addi t ional  9 sections were mad core. Depths of t h i n  section samples 
he hole was d r i l l  
countered i s  a medi 
grained b i o t i t e  hornblende monzo 
o f  ac id i c  and i n t  
truded by a number 
i n  the upper p a r t  
1 
I 
I 
I 
2 
A graphic lithologic log i s  included i n  Figure 1. Since samples are 
o f  rotary cuttings more than one lithology may be present i n  a t h i n  section, 
relative proportions of rock types. 
purposes the lithology i n  a 1.5 t o  3.0 m sample a t  the top of a 15.2 m 
interval is shown t o  occupy the entire 15.2 m interval, except of course 
for more closely sampled intervals. 
For presentation 
In the following lithologic descriptions mineral abundances are visual 
.estimates. No p o i n t  counts have been attempted. 
Because of mineralogic similari t ies between the host biot i te  hornblende 
id i c  dikes, dis t inct  n between host and dikes has often zonite and the 
been d i f f icu l t ,  p icularly where both cur i n  the same sample. T h i n  
dikes are probably more abundant than shown i n  the graphic log, Figure 1. 
Several acidic dikes which  oc r i n  the core sample would probably no t  be 
quantitatively significant enough to  be recognized i n  a sample o f  rotary 
cuttings from the same interval. Also, small quantities of intermediate 
dike material are present i n  many t h i n  sectio 
are more c m o n  than is shown i n  Figure 1. 
ind ica t ing  t h a t  such dikes 
I 
a l ight  colored, 
nzoni te which  probably 
1 ly estimated 
mineral abundances .are: 
3 
Quartz 5% 
Hornblende I-2% 
Sbhene 2% 
Apat i te  tr. 
Zircon tr. 
A l l a n i t e  (?) 
Opaques 
Microcl ine i s  the K-feldspar polymorph above 610 m; cross-hatch 
twinning was not  observed below t h i s  depth. 
occurs as three tex tu ra l  types, a l l  of which may appear i n  the same sample. 
The most abundant pe r th i t e  type consists o f  near ly equant blocks, sometimes 
w i th  s t r a i g h t  sides, and usual ly  w i t h  te twinning. The second p e r t h i t e  
var ie ty  forms as c lusters  o f  t i n y  p a r a l l e l  rods w i th  tapered ends. A t h i r d  
Per th i te  i s  ubiquitous and , 
per th i  t e  type consists o f  i r r e g u l a r  
twinned, which appear t o  be less co 
gate lamellae, occasional ly a l b i t e  
4 
hole o r ig ina l  hornblende replaced by f i n e  grained assemblages o f  s e r i c i  te-  
1 ay-1 eucoxene , 
t z  tends t o  be f i n e r  gra 
es between them. 
ch l  o r i  te-ca lc i  t equar t z -1  eucoxene. 
Accessory minerals are subhedral t o  anhedral . Sphene of ten poi  k i  1 iti- 
encloses apat i te,  z i rcon and opaques. Sphene ha often been completely 
a l te red  t o  leucoxene, c a l c i t e  and quartz. i n  s i te ,  
apati te, z i rcon and the r a  
Micrograni t e  
Dikes of a l i g h t  pink equigranular microgranite occur between 487.7 
and 640.1 m y  through par ts  o f  685.8 t o  823.0 m y  and between 1371.6 and 
1386.8 m. Thin dikes up t o  3 inches wide are present i n  core near 792.5 
and may be common throughout the d r i l l h o l e .  
I 
5 
Felsic minerals are commonly .5 t o  1 mm i n  size. Biotite flakes are t h i n ,  i 
1 
and less than .5 mm across. No exsolution of plagioclase i n  K-feldspar 
rred, nor was microcline t w i n n i n g  observed. 
A t  dike margins i n  the core, a spotty replacement texture occurs where 
rounded or elongate blebs of quartz have partially replaced feldspars. T h i s  
spotted texture is also present i n  s 
Biotite Ap l i t e  Porphyry 
les o f  cuttings. 
A l i g h t  colored fine grained rock w i t h  phenocrysts of plagioclase, 
quartz, and occasional K-feldspar occurs between 106.7 and 152.4 m. A fine 
grained, somewhat banded rock o 
tween 1097.2 and 112.5 m. 
omposition is also observed be- 
f 
i 
1 Phenocrysts are anhedral, usually .5 to 1 mm across, i n  a groundmass i 
of rounded qua 
mm across. 
plagioclase .05 to .1 
I Estimated composition is: 
I Quartz 
1 
1 
! 
i 
i 
i 
i 
i 
No exsolved plagioclase or cross twinning i s  observed in K-feldspar. 
Bioti ed, and a width to height ratio of 
great 
Biotite Hornblende Microgranodiori te 
A fine grained subequigranular t i  te hornblende rnicrogranodiori te 
occurs between 292.6 and 365.8 in. 
The estimated composition i s :  
7 
B i o t i t e  Hornblende Apat i te  Dacite 
Fine grained dikes of intermediate composi t i o n  a1 1 containing re la -  
t i v e l y  
throughout the d r i  11 hole. Compositions ac tua l l y  range f rom andesite t o  
quartz l a t i t e .  The dikes contain between 13 and 30% mafic minerals including 
b i o t i t e  and hornblende, and i n  three samples c l  inopyroxene. 
has been a l te red  t o  f ibrous amp bole, b i o t i t e ,  carbonate, magnetite and 
minor f i n e  grained quartz. 
percentage (2-3%) o f  a i t e  oeedles and o f  spheqe (3%) occur 
The pyroxene 
The range of gra in  s ize  i n  thes 
The most commonly occuring dike type i s  a dacite. Above 610 m and 
ikes i s  usual ly .03 t o  .3 mm. 
a t  1249.7 m, greater quartz and K-feldspar percentages almost place these 
dikes i n  the quartz l a t i t e  compositional range. A t  876.3 and 1356.5 m low 
quartz and K-feldspar abundances and the prese 
as andesites. A f i n e  grained a1 
rock type. Samples on e i ther  s i  
type. 
o f  pyroxene mark the dikes 
8.2 m i s  probably the same 
ontain chips o f  a d a c i t i c  rock 
. _  
The dikes have been grouped i n t o  four  compositional types. Typical 
8 
ALTERATION 
rothermal alteration has affected a l l  rocks i n  the drillhole. 
rock textures are general Significant changes i n  
which do not appear t o  be a1 teration mineralogy and intensi 
rock- type dependent. 
Met hods 
Alteration was described i n  three ways: pervasive a1 teration mineralogy 
was described by determining the alteration products of each of the major 
mineral species, vein and fracture f i l l ings were described where recognized, 
and intensity of alteration was described by estimating the amount of destruc- 
tion of major mineral species. Because of the nature of the samples (cuttings) 
the relationships of mineralogy an 
be determined, but  overall pattern erge. Detailed results of the 
alteration study are presented i n  
Pervasive alteration mineral 
ensSty t o  veins and fractures cannot 
e sample varies from c h i p  t o  
may not  have a l l  of the a1 t ion  products 
10 
A1 teration intensity has been determined for plagioclase by estimating 
the range o f  percent destruction of plagioclas*e w i t h i n  a sample. T h i s  range 
ximum P W O -  r for each sample on Figure 1,  and a curve o f  
clase destruction i s  shown l i n k i n g  samples on Figure 1. T h i s  curve provides 
a semi-quantitative measure of relative a1 teration intensity i n  the dr i l l -  
hole. For biotite, hornb e only a qualitative measure of 
a1 teration intensity is given. With in  any una1 tered, partly 
a1 tered , and totally a1 tered ies may occur. The 
ction i s  shown on sence or abse 
Figure 1. 
Detailed des; 
presented bel ow. 
that  on Figure 1 the a1 
m interval i s  
except for  the closely sampled r 
i n  the top 1.5 or 3.0 m 
15.2 m interval, 
1 1  
tensity and m i  alogy o f  plagioclase a1 teration vary markedly 
12 
Epidote i n  plagioclase is rare, but does occur between 152.4 and 365.8 
-also a t  1371.6 and 1783.1 m as t iny clusters  of anhedral crystals.  
Clay a1 teration o f  plagioclase was not  easi ly  recognized i n  t h i n  section. 
However, x-ray diffraction patterns of clay fraction smears show the presence 
11 oni t e  betwee 9 m. T h i s  is probably a plagio- 
ation product. Mixed 1 clays appear i n  XRD patterns above 
198.1 m, between 381.0 an 
between 1112.5 and 1234.4 
8ioti t e  
ta t ively recognized 
mary b io t i t e  i n  a l l  rock types s brown t o  brownish green. 
ori t e  commonly replaces 
very small amounts, bu t  
o t i t e ,  Above 853.4 m ch lor i te  is present 
low this depth and down t o  1386.8 m most 
elow 1386.8 m chlor i te  
s t o  be present 
chlorite below 990.6 m. 
rains is common above 853.4 m 
b u t  rare  a t  lower levels. This c Darentlv due t o  bleachina 
Bo 
ser ic i te  & calcite, brown clay and minor leucoxene. Br igh t  apple green 
serici t e  stringers are sometimes present, .apparently formed along original 
es. Below 992.5 m the alteration products of hornblende are fine 
nd occasional fine grained quartz. 
the dr i l lho le  between 425 and 1370 m 
chlorite, cal c i t e  , 1 eucoxe 
Throughout the middle section 
almost total destruction of origin ornblende has occurred. Above and 
below this interval unalt partially destroyed crystals predom- 
inate. Where the bioti te h acite dikes occur, chips are 
comnon w i t h  totally destr 
the same sample. 
i t h  una1 tered hornblende i n  
e occurs :In most n products are leucoxene, 
calcite and quartz: Often o iginal mineral remain. 
and pyrite are co ene, often enclos 
e grain or. as 
which has be 
most total destructi 
and between 960 and 13 
Anhydrite 
ccurs sporadically i n  small amounts below 1524 m as one or 
1s are up to  .1 mm 
14 
Sulfides 
Opaque minerals were iden fied using reflected l i g h t .  
l f ide mineral definite1 
Pyrite is the 
halcopyri t e  was tentatively 
identified a t  four locations. 
rimary magnetite, 
pyrite occurrence was noted i n  
rep1 ace b i o t i t e  or hornblende . Pyrite grains are 
Above 701 m pyrite, 
ion were noted, and 
m. Throughout mo 
reflected l i g h t  suggesting parti  

16 
including 
Intermediate dikes, the 
the Tertiarv mafic dikes 
conaucti 
17 
microgranite d ike does ex is t ,  but  whether the zoning i s  ac tua l l y  about the 
dike o r  about a zone of increased permeabil i ty i s  not evident. I n  the 
t e  q ike between 487.7 and 640.1 m ser ic i te ,  together w i t h  
s the only a l t e r a t i o n  product o f  plagioclase. B i o t i t e  i s  
bleached i n  the dike, c h l o r i t e  a f t e r  b o t i t e  i s  present on e i t h e r  side, and 
af ter  plagioclase only w i t h i n  about 12 m on e i t h e r  s ide of the dike. 
The low overa l l  abundance of a l t e r a t i o n  minerals i n  DDH 14-2 compared 
t o  systems such as Wairakei and Ohaki-Broadlands i n  New Zealand (Steiner, 
1968, Browne and E l l i s ,  1970) and Reykjanes, Iceland (Tomasson e t  al., 1972) 
higher poros i ty  tha 
18 
nesian minerals is not observed i n  DDH 14-2 a t  Roosevelt, and apa t i t e ,  
gh present i n  altered hornblende, i s  assumed primary since i t  also 
ccurs i n  fresh hornblende. 
A range of plagioclase a1 teration products i s  reported from different 
thermal systems. Browne and Ellis (1970) report that  andesine a t  Ohaki -  
nds is replaced by adularia, a lb i te ,  calci te ,  i i t e ,  wairakite, 
nd quartz. 
f hydrothermal minerals including montmorillonite, micaceous clays, 
Plagioclase a t  Wairakei has been 
e ,  wairakite, a lb i te ,  K-feldspar, 
t Steamboat Springs plagio 
a lb i te ,  and a t  sha 
i s  replaced by i 11 i te-montmori 1 loni t e ,  
depths by K-feldspar (Schoen and White, 
Specific descriptions o f  plagioclase a1 teration products are not 
fo r  Reykjanes or  the Salton Se t a lb i te  and epidote 
a t  Reykjanes (Toma 

I 20 
Sphene, a primary mineral a t  Roosevelt, i s  reported as an alteration 
neral a t  the Salton Sea by Muffler and White (1969). 
Browne, P. R. L. and E l l i s ,  A. J., 1970, The Ohaki-Broadlands hydrothermal 
area, New Zealand: mineralogy and re la ted  geochemistry: Am. J. Sci. 
V. 269, p. 97-131. 
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, R. and White, D. E., 1965, Hydrothermal a l t e r a t i o n  i n  GS-3 and 
GS-4 d r i l l ho les ,  Main Terrace, Steamboat Springs, Nevada: 
Geology, v. 60, no. 7, p. 1411-1421. 
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